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Abstract

Empirical methods have been used to test whether human reasoning conforms to models of reasoning in logic-based artificial
intelligence. This work investigates through surveys whether postulates of belief revision and update are plausible with
human reasoners. The results show that participants’ reasoning tend to be consistent with the postulates of belief revision
and belief update when judging the premises and conclusion of the postulate separately.
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1. Introduction
It has been shown that human reasoning displays nonmonotonicity, but the methodologies that test this relationship differ within the AI community. An example
[1] of one approach is through surveys in which English
translations of the postulates of defeasible reasoning were
judged for plausibility by human reasoners. As another
example, a combined approach [2] was also used to investigate the link between formal theories of non-monotonic
reasoning and the extent to which humans reason defeasibly. The combined approach involved a theoretical and
empirical analysis. In the theoretical analysis, the predictions of each system was compared using the Suppression
Task [3], a logical experiment used in the psychology
community in which subjects appear to retract valid logical inferences when subjects gain new information. In the
empirical analysis, three experiments were used to test
the predictions of each system, as well as the inferences
of human reasoners, with strict and defeasible knowledge. While there are empirical studies that investigated
the relationship between non-monotonic reasoning with
human reasoning, the relationship between belief change
and human reasoning has been primarily studied from a
theoretical perspective, e.g. in classical logic [4], probability and possibility theory [5], ontologies [6] and
abstract argumentation [7]. Our first hypothesis is that

human reasoning is consistent with postulates, advanced
by Alchourrón, Gärdenfors and Makinson (AGM) [8], for
belief revision. To enable comparison, we also hypothesise that human reasoning is consistent with postulates,
advanced by Katsuno and Mendelzon (KM) [9], for reasoning with belief update. We investigate the hypotheses
at the postulate level and at the system level. We use
the language of propositional logic in the formulation
of our postulates to construct logically closed belief sets.
Additionally, we note that once our hypotheses are tested
using propositional logic as the underlying language, our
results can be lifted to other forms of logic. This work
extends previous work that investigated postulates of
defeasible reasoning [10] and belief change [11] with
human reasoners via surveys. Furthermore, this work is
an extended abstracted of a paper that is currently under
review for a special issue of the Journal of Applied Logic.

2. Background
2.1. Belief Revision

The first form of belief change we investigated was revision. It is an approach to reasoning with changing beliefs
under the assumption that the world did not undergo a
fundamental change. It is characterised by a belief set 𝒦,
a revision operation * and reasoning rules referred to as
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one another. There are eight postulates in the AGM [8]
belief revision framework. (R1)–(R6) correspond to the
core rationality postulates and the (R7)–(R8) correspond
to supplementary postulates.
(R1)
(R2)
(R3)
(R4)
(R5)
(R6)
(R7)
(R8)

then it is a partial preorder. A preorder is total if 𝑎 ≤ 𝑏
or 𝑏 ≤ 𝑎 for all 𝑎, 𝑏 ∈ 𝑃 . A revision operator satisfies
postulates (R1)–(R6) using the notion of a total preorder
on interpretations while an update operator satisfies postulates (U1)–(U6) using the notion of a partial preorder
𝒦 * 𝜇 implies 𝜇
on interpretations. By replacing postulates (U6) and (U7)
If 𝒦 ∧ 𝜇 is satisfiable, then 𝒦 * 𝜇 ≡ 𝒦 ∧ 𝜇
with a new postulate (U9), the class of update operators
If 𝜇 is satisfiable, then 𝒦 * 𝜇 is also satisfiable
can be designed using total preorders. The second and
If 𝒦1 ≡ 𝒦2 and 𝜇1 ≡ 𝜇2 , then 𝒦1 *𝜇1 ≡ 𝒦2 *𝜇2 more important difference between revision and update
(𝒦 * 𝜇) ∧ 𝜑 implies 𝒦 * (𝜇 ∧ 𝜑)
is that, in the case of update, a different ordering is inIf (𝒦 * 𝜇) ∧ 𝜑 is satisfiable, then 𝒦 * (𝜇 ∧ 𝜑) duced by each model of 𝒦, while for revision, only one
implies (𝒦 * 𝜇) ∧ 𝜑
ordering is induced by the whole of 𝒦.
If 𝒦 * 𝜇1 implies 𝜇2 and 𝒦 * 𝜇2 implies 𝜇1 , then
𝒦 * 𝜇1 is equivalent to 𝒦 * 𝜇2
3. Methodology
(𝒦 * 𝜇1 ) ∧ (𝒦 * 𝜇2 ) implies 𝒦 * (𝜇1 ∨ 𝜇2 )

Our empirical investigation took place through four experiments. In the first experiment, we prepared a survey
of 30 general statements about the world for participants
The next form of belief change we investigated was up- to evaluate for clarity and bias. 7 participants had to comdate. It is an approach to reasoning with changing beliefs plete a table in which they identified statements with amafter some fundamental shift in the world occurred. It biguous language and biased examples. In the second exis characterised by a belief set 𝒦, an update operation ◇ periment, we prepared a survey of 30 general statements
and postulates for reasoning. As with revision, 𝒦 refers about the world taken from refining the material in the
to a logically closed set of propositional formulas. When first experiment. 30 participants evaluated the degree to
we update 𝒦 with new information 𝜇, we are saying that which they believed each of the statements in the survey
we used to believe 𝒦, we know now that 𝜇 holds, and and explained their answers. In the third experiment, we
we need to modify 𝒦 by adding 𝜇, acknowledging that prepared a survey of English statements corresponding
we may have been wrong if 𝜇 contradicts 𝒦. There are to translations of the AGM postulates for belief revision.
nine postulates in the KM [9] belief update framework. 35 participants on Mechanical Turk (MTurk) evaluated
the degree to which they believed each statement in the
(U1) 𝒦 ◇ 𝜇 implies 𝜇
survey. We tested our hypothesis statistically and deter(U2) If 𝒦 implies 𝜇 then 𝒦 ◇ 𝜇 is equivalent to 𝒦
(U3) If both 𝒦 and 𝜇 are satisfiable then 𝒦 ◇ 𝜇 is also mined whether the association between the premises and
the conclusion for each postulate holds for the general
satisfiable
(U4) If 𝒦1 ↔ 𝒦2 and 𝜇1 ↔ 𝜇2 then 𝒦1 ◇ 𝜇1 ↔ English-speaking reasoner. In the last experiment, we
used the same material from the belief revision experi𝒦2 ◇ 𝜇2
ment to instantiate the KM belief update postulates. The
(U5) (𝒦 ◇ 𝜇) ∧ 𝜑 implies 𝒦 ◇ (𝜇 ∧ 𝜑)
experimental setup followed a similar approach to the
(U6) If 𝒦 ◇ 𝜇1 implies 𝜇2 and 𝒦 ◇ 𝜇2 implies 𝜇1 then belief revision experiment. We obtained ethical clearance
𝒦 ◇ 𝜇1 ↔ 𝒦 ◇ 𝜇2
from the Faculty of Science Ethics Research Committee
(U7) If 𝒦 is complete then (𝒦 ◇ 𝜇1 ) ∧ (𝒦 ◇ 𝜇2 ) implies at the University of Cape Town. We include the consent
𝒦 ◇ (𝜇1 ∨ 𝜇2 )
forms and a link to our data management plan in our
(U8) (𝒦1 ∨ 𝒦2 ) ◇ 𝜇 ↔ (𝒦1 ◇ 𝜇) ∨ (𝒦2 ◇ 𝜇)
Github project repository, linked in Appendix A. For
(U9) If 𝒦 is complete and (𝒦 ◇ 𝜇) ∧ 𝜑 is satisfiable then the bulk of our reasoning experiments, we used Google
𝒦 ◇ (𝜇 ∧ 𝜑) implies (𝒦 ◇ 𝜇) ∧ 𝜑
Forms to design our surveys, and we used Mechanical
Turk
to crowdsource our data collection.
Revision and update differ from non-monotonic logic
using the concept of orders on interpretations. A homogeneous relation ≤ on some given set 𝑃 , so that by 4. Results
definition ≤ is some subset of 𝑃 × 𝑃 and the notation
𝑎 ≤ 𝑏 is used in place of (𝑎, 𝑏) ∈ 𝑃 , is called a preorder In this work, we investigated the endorsements of each
if the relation is also transitive and reflexive. A reflexive component of the AGM postulates when formulated as
relation has the property that 𝑎 ≤ 𝑎 for all 𝑎 ∈ 𝑃 . A material implication statements. We found evidence for
transitive relation has the property that if 𝑎 ≤ 𝑏 and whether or not the participants found our concrete instan𝑏 ≤ 𝑐 then 𝑎 ≤ 𝑐 for all 𝑎, 𝑏, 𝑐 ∈ 𝑃 . If a preorder is also tiations of the AGM postulates plausible. We determined
anti-symmetric, that is, 𝑎 ≤ 𝑏 and 𝑏 ≤ 𝑎 implies 𝑎 = 𝑏, whether the postulates hold in general. The results show

2.2. Belief Update
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that the participants’ reasoning tends to be consistent
with the 9 AGM postulates, with the significance of the association between the endorsement of the premises and
the endorsement of the conclusion ranging from nonsignificant to highly significant. The number of logical
violations per postulate is generally low with a range of
0 to 4 violations (< 12% of participants). The exception
is postulate (R5) with 54,29% (19 participants) endorsing
the premises, but not the conclusion.
We also investigated the endorsements of each component of the KM postulates when formulated as material
implication statements. We found evidence for whether
or not the participants found our concrete instantiations
of the KM postulates plausible. We determined whether
the postulates hold in general. The results show that the
participants’ reasoning tends to be consistent with the 9
postulates of KM belief update, with the significance of
the association between the endorsement of the premises
and the endorsement of the conclusion ranging from nonsignificant to highly significant. The number of logical
violations per postulate is generally low as well with a
range of 0 to 8 violations (< 23% of participants). The
exception is postulate (U8) with 48,57% (17 participants)
endorsing the premises, but not the conclusion.

tionships. The empirical part will focus on identifying
representations of the postulates that support both the
theory and the beliefs of human reasoners. It will involve the development of an online reasoning tool that
automates the production and presentation of structured
reasoning examples in a survey setting. The structured
reasoning examples will depict the static and dynamic
nature of changing beliefs in terms of a revision and an
update, respectively. In turn, the tailored surveys created
using the reasoning tool can be used to elicit responses
from human reasoners, the design of which improves
upon the limitations of question types from conventional
survey platforms like Google Forms and Microsoft Forms.
Furthermore, non-parameterised statistical methods, that
is, methods that do not assume how the sample data is
distributed, e.g. the Wilcoxon signed-rank test [12, 13],
will be used to interpret the significance of the postulates
of belief change, as found by human reasoners.
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5. Conclusions and Future Work
Our work builds on previous empirical studies involving human subjects who are tasked with reasoning nonmonotonically. We created a reproducible approach for
empirically investigating the plausibility of postulates
of belief change. This approach accounts for the effect
of the premises and conclusion of each postulate and
determines whether the overall postulate is found plausible with statistically significant evidence. We applied
this approach to the formal theory of belief revision and
update. We hypothesised that human belief change is
consistent with the AGM postulates of belief revision
and the KM postulates of belief update. The results show
that the participants’ reasoning tends to be consistent
with the 8 AGM postulates, (R1)–(R8), with the significance of the association between the endorsement of the
premises and the endorsement of the conclusion ranging
from non-significant to highly significant. The results
also show that the participants’ reasoning tends to be
consistent with the 9 KM postulates, (U1)–(U9), with the
significance of the association between the endorsement
of the premises and the endorsement of the conclusion
ranging from non-significant to highly significant.
In future work, we will refine our approach in the
following way. We will conduct a theoretical and empirical investigation of the postulates of belief revision
and update. The theoretical part will build on this work
by exploring inter-postulate and inter-framework rela-
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A. Additional resources
The Github repository for this work, containing supplementary material and code scripts, can be accessed via
this URL, https://tinyurl.com/2p98m76n.
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